Mesure des neutrinos solaires de la raie du béryllium dans l'expérience Borexino by Beau, Tristan
Mesure des neutrinos solaires de la raie du be´ryllium
dans l’expe´rience Borexino
Tristan Beau
To cite this version:
Tristan Beau. Mesure des neutrinos solaires de la raie du be´ryllium dans l’expe´rience Borexino.




Submitted on 3 Dec 2002
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de

























































































































æ+ì±Ý ×#á&Q6Ý Ü ÛÜ ×LÙRS%'<!ﬃ';ﬀ9 ÚLÛ×#æeýEì±ÜTU9ÚGÜ¹ÚGçÜêæ#ÚGÝ ×Lç¢×LåEØ-ßªÚGÙ)ØHÚGëzâ/Ý ×#á]ß±ÝÚGÜêáÜ ÙVáh×+Øã¹Ü	Væ+ì±Ý ØVâ#á
ã¹ì ØVû±â#áSÚGÙVã06Üêã¹Ü ×LÙWAXﬁY.9 ß©àzì±Ùéá)×#á6æ+àzåäá)×LÜ Ýêáæ+àzåäæ+×LÙåªÚGåEØÝ9ÚæLýEì±Üêá)Ü ØVÜ àzåsã¹×¼ã¹àzå±å±âL×#á
×Låß±ûEü¹áÜêýEì±×èã¹×#áßªÚGÙ)ØVÜêæ+ì±Ý ×#á&/ÒÜêæSû±×LÝZ7[\ﬃ:KL,9ﬀ"T].Pß©àzì±ÙÝ ×#áôÙìäæØVì±×Lì¹Þâ#æSûªÚGå±ëz×#á ýEì±×
å±àzìäáèÚLÛàzåäá'×Lìäá'×+Øaá×#áaæ+àzåäá)×LÜ Ýêáa×Lå ÚGåªÚGÝ ü¹á×xã¹×ã¹àzå±å±âL×#á&\^¹ÚGû`ú±Ü_\,`KMa%'9ﬀ, ß©àzì±Ùèá)àzå
ÚGÜêã¹×ØV×#æSû±å±ÜêýEì±×
z×aÙ×Lç×LÙVæ+Ü ×aØVàzìäá Ý ×#áeÚGì¹ØVÙ×#áç×Lç¼ú±Ù×#á ã¹×aÝÚæ+àzÝ ÝÚGú©àzÙSÚ!ØVÜ àzåbE/àzÙ×+ÞÜ å±à6ØVÙàzß¢å±àzçXO












z× Ù×Lç×LÙVæ+Ü ××Lå6=±åBØVàzìäá×+Ø]ØVàzì¹ØV×#á]Ý ×#áÙ×LÝ ×#æØV×Lì±ÙVá-×+Ø]Ù×LÝ ×#æØVÙÜêæ+×#áhã¹× çàzåBç ÚGå`ìäáVæ+ÙÜ Ø-g
Ý ×Lì±ÙÚGÜêã¹×Bç9Ú¼â+ØVâØVÙq#á'ß±Ùâ#æ+Ü ×Lìäá×
rsr



































 ﬁﬀﬃﬂﬂ "!$#%!$&(') +*,') -#/.01121211121121112121114365
7 89.:ﬃ') +*,');<:>=?*(:>=6'). 1@< +ﬂA*(:BﬂC0;D6#/ +ﬂE121121112121114365
 89.:ﬃ') +*,');<:>=?!$ +ﬂF;ﬂ:ﬃ'):>GH +ﬂI.Jﬀﬃ!$;<:6ﬀﬃ*,');<KLﬂA;<=6') -.=/ +ﬂA1121211143


















7  +ﬂ)*(.;<G$');<:>=?!$#%!$&(') +*,') -#/.?1112121112112111212111436
7 z 121 21121112121112112111212111436
77  +ﬂ*(.;<G$');<:>=?C0&+*+ﬀR=/;D6#/ 2121112112111212111436
7 z 1ﬂ)*(;<=6');<@<@ﬀQ') -#/.21112121112112111212111Uﬃ5
7M3 ;ﬂ').;</#$');<:>=ﬁ!$ +ﬂIG//:ﬃ'):>C#/@');<G/@<;*+ﬀQ') -#/.)ﬂF12111212111U>U
 9M&-@< +*,').:>=/;D6#/ !$ 1G/.;ﬂS "!$ "!$:>=/=/&- +ﬂ 1112112111212111Uﬃ
 9M&-@< +*,').:>=/;D6#/ !$ "%;<@ﬀR= 121112112111212111Uﬃ
7 9M&-@< +*,').:>=/;D6#/  ﬀﬃﬂ "!$ "$¡¢1Ł 12112111212111¤£$
 ¡I*-D6#/;ﬂS;');<:>=¥ﬀ-¦B +*§@< +ﬂA$¡¢1Ł¨21112112111212111¤£B
M3 &+*(@< -=*J/ -C0 -=6'!$ +ﬂA¡1Ł©21112112111212111¤£>
7U 6'):*JªﬃﬀR«> >¬').JﬀR;') -CY -=6'¢!$ +ﬂI!$:>=/=/&- +ﬂ¨2112111212111¤£R3







3/ %&(')/:!$ "!^ﬀR=ﬀR@¶$ﬂ \*(:>=ﬃ·:>;<=6') \!$ +ﬂA!$:>=/=/&- +ﬂ22112111212111ﬃ5
3/ﬃ 89.&+ﬂS -=6'~ﬀQ');<:>=ﬁ!$#¸G/.:>/@<¹-C0 "!$ 1ﬂS¶=*J/.:>=/;ﬂJﬀQ');<:>=ﬁ!$ +ﬂI!$:>=/=/&- +ﬂ ﬃ5
3/ﬃ7 :>.CºﬀQ'¢!$ +ﬂI!$:>=/=/&- +ﬂA!ﬀR=ﬂŁ­F 12112111212111>
3/ﬃ »I&-GH:>=ﬂS ­;<=/K¼:>.CºﬀQ');D6#/ IﬀR#G/.:>/@<¹-CY ­!$ WﬂS¶=*J/.:>=/;ﬂJﬀQ');<:>=0!$ +ﬂ
!$:>=/=/&- +ﬂ4121121112121112112111212111ﬃ
3/7  +ﬂ'¢!$#%¡1Ł 121121112121112112111212111Q3
3/7 89;<&+!$ +ﬂ'~ﬀR#$X%!$#¸$¡1Ł½12121112112111212111Q3
3/77 &+*(@< -=*J/ -C0 -=6'!$ +ﬂI&(¦&-=/ -C0 -=6'Jﬂ¾12112111212111>U
3/7 ¡¢@<@<#/. "!$ +ﬂIﬂ;<«>=ﬀR#$X 112121112112111212111>
3/7M3 »I +*(:>=ﬂ').#*,');<:>=ﬁ!$ "@bM&-=/ -.«>;< 1112112111212111ﬃ
3/77U &+*(:>=6¦B:>@<#$');<:>=ﬁ!$#¸ﬂ;<«>=ﬀR@121112112111212111¤$
3/ ¢;¦B ﬀR#%!$ "*(:>=6'~ﬀRC0;<=ﬀQ');<:>=?!ﬀR=ﬂ¢Ł­IE¿ﬀRG/GH:>.S'!$ +ﬂI!$:>=/=/&- +ﬂ¢$¡¢1ŁÀ¤>
3/ ŁFﬀﬃﬂI!$#¸VW;8g:Á !ﬀR=ﬂ¢Ł­FdNNA112112111212111¤R3
3/7 ŁFﬀﬃﬂI!$#¸VW;8g:Á(3Â1112121112112111212111¤>
3/ »I +!$&+*(@< -=*J/ -C0 -=6'Jﬂ¢!ﬀR=ﬂŁWIdNNNÃ2112111212111¤R3
3/M3 ŁW:>C0GH:>.S') -C0 -=6'A!$ +ﬂAﬂ;<«>=ﬀR#$XÄ8ÅﬀRG/.¹+ﬂI#/=/ 2;<C0G/#/@ﬂ;<:>=¸G/.;<=*(;<GﬀR@< ¤>£
3/M3/ 8g:>;!/ﬂA!$#¸ﬂ;<«>=ﬀR@gﬀRG/.¹+ﬂF@bM;<CYG/#/@ﬂS;<:>=¸G/.;<=*(;<GﬀR@< Æ1212111¤>£
3/M3/7 ŁFﬀﬃﬂI!$ +ﬂ\ÇSÈ~ÉÊ(ËFÌÍ/ÎÏ-Ê,Ï§@<:>=/«BﬂA!ﬀR=ﬂŁWIdNNNÐ111212111¤>






















































































































































































































































































































































































































































































758:95; <>=4< ?@BAﬁCEDFHGIC FHJLKEMNGPOQPRC SCT U>CPRﬁFHGEOVU>MNT TMXWZYNOVG[CT
\H]














































































































































































































































































































 M {&<cGŁ&{h/ﬂMŁ&Ł&rﬂI{G3{M3M0g2cﬂGR2h3Ł&` 
 
{{f{M{M3M33]¡<¢G£¥¤w¦G§<£¨ ` i©MG{3ﬂ
ª0«ﬂ¬ ­¯®w°²±´³µ:¶c·}±¹¸ º»µ ¼e½±¿¾À³}ÁÂÄÃÆÅ
ÇsÈ}ÉzÈÇ Ê$ËhÌ`ÍÎgÏÐ,ÑCÏdÒÔÓsÏdÒÖÕi×ØÚÙ¨ÏdÒI×ÎgÍdÒ
Û
w{{Ły2P?{ﬂ M3PE{G3{v&Ł:ﬂG©M{M3P:M3{eM `ÜÝÞM {vG¹ﬂßGŁ&M:Ł&













.{GR] ){ '&GRã©MG{3\ä å©RŁ&Łm§G§<ædRRŁ&
2àŁ&gJ
Û





















































~³H£ u ´9µH¶9¶9·_¸´µ¹´¶9´ ´º »¼xº ··9º
½¾¡GHHH¥§ ´9µH¿9·9À_¸´µ¹´¿9¶ ¿¼xº Á9Âº »»9º
Ã5Ä9Å




































































































































































































































	 ,þﬃú	  ülý2þ 
ü¶úﬀUúﬁ	ß þﬂ


































































































































à.Ð.Ò,×3Ü}å:ØÎÎÏÝKØ×pÐ ÔÒÜû ü ý3Ò;ÓKÜWÎÒÜûVÕﬁÖ°çèÏÎÎà.Ó}ÒSÔÒÎTçÒÜ}áVÏå:ÒSÔÒÜWáVÏÓÏÌ,é:ÝKÓ}ÒÜÏàÝK×pÓ}ØÜ5Í




























































































































4%üýﬀþﬁ ýﬀþUßý'÷þ,%÷!<%,ûﬂ), ( ÷ﬂ/÷þ,%G
þ ú
üHJI2%ü÷

















þﬁ) ( ÷0ﬀûþýX%Y ( ÷úüB	1÷þ
þUß÷L÷!{þ÷ﬂ
4%üýﬀþﬁ9ﬂ;
Z\[^] _ `RacbﬂbdaMefeCghbﬂ`@iOj<ghklenmo` pcqﬁghr5b<stuawv
õxü/,












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4|	.+?2TX %+T8ﬂJ.0*<}2,ZX '*~4s*<7*<J.+<742u 32,4#85 '45+~
1 '4G01 %+,+?G]
^`_ a cHd'e f
a g
Oil'02<2,sX '*?2,s8ﬂ.+zX '*[ '\2,*<.+.+?2T '*,+T 'E7J7{Y%u
X
(.1 vŁ %00. %0[wJ78ﬂ.+X '*[ '#\2,*<.+@'yT	5+?2,*[ 32,4G8ﬂ0wJ74\74.+H2zJ7 '7742








*?2F8ﬂG0G045+?2u 32.(:.+?2F8ﬂJ.+?*</ '+ﬀ5+<7~8ﬂG*<7*<J.+?742,7*F8ﬂ.+r+?ﬂ2,45+r85 '45+
Y8ﬂ; '4b]
^`_bacH¤3¥¦f5ahOiﬀ0`45+Z
	B 7ﬁ45+DŁ '}2{85 '45+ZrX '*[ '*[ 'w/>%@§(5E7*?¨
2<2u '42{8ﬂF8ﬂ+?2,47*{0.+D8ﬂ7ﬂ60. %+@
©rª¬«GªV­ ®°¯D±²³¯s´|²³µG¶·¯F¶F¶r¸Z¹{º¬º¹¼»I¸·½/¸¾·»r¹¶Z¹{¸´l±²H¶Zµﬀ¿À±!¹Áv¸Z¿
 ﬀ{45+E+?45+v85 '45+0{X '*[ '*[ 'wr2.++<}ﬁ '42[+v FŁ '}2s
	tﬂÂH2v8:	4
t0. 32,4 42,7*<4n 'b1 'tE*[ 32,*</ Ã! 'm>.AAA'&)@
Ä
1 %Å45+?¨)45+ﬀ85 '45+{k0. %+{8ﬂY47ﬂ2,*<4+{+,+<5+{8ﬂ-ÆÇ7s=)ÈICu@: k+?42`8ﬂ.+D47ﬂ¨
2,*<4+s8:	J2u 32v*<*<`8ﬂ`+[ 7ﬁ7*v7@ÉD5+.+8ﬂJ2,.0¦2,45+v+<*sÊl7*<*<T74/*<7\7*<r 'ﬂ¨










































































(:T+?I+<}2,I85 '45+`1 #q748ﬂI+?745+<t}2,JI; 3; 'G8ﬂIÃ%¨


































































79ï±þdñ8 fð*ù¡8¸÷	þåïﬃó01øû¸øï±ö*ý±ð*ùIð*þ©ô ïñå÷	õøøûódõï±ö:9 ô@òü÷	þåïﬃó©÷	ï±úmú.ùmø õö;ùIþdñ¯ùô@ù
82<Að;ñåñåõ0=?ý±þgûö;ô©809¬ß'ùIð@ó<ô@ù ùIö*õþ<ñ¯ð1>.ñdûú.ùIöfóß'ù	ódõbódùß'ï±ð*þ? fð*ùøù0ö*ï±ú@%*þåù
































































¦2 @Å¦ §6v¢;Á§6/2 R83¦ 1© 8§©ª¶°­3§R¤2«¦ ÆHÇÈÉ§R;/§F;¦ ¢«§T¤2;8·jÊr«§R¥
Ë
Ì;1@©§-¢l§F¦ ©©ª8¢«§113§F§F;¯ 8 F¨8 F¢Ì Á213°­§rv¢1 r¯ 8 F@°­² 8¦J8²§\v«°«2;





























































































yz|)xc2z)x{^~ z){22x0}c~ z)T}y}yO")c'z)^Tyb}.|ﬂ}c~ { z8ybyz)¡|ﬂ}





















ö0÷ó"ó ò ó¨þ ð ø×ßçú"ö¡øið2þ ôþ ô







































=cäì?>A@àßÀá"ßáièﬂæ ßàéæ2ãﬀÜOÞá"ßﬂâ.Üiâéﬂã¨åÅåêì,æ2ãﬀÜOÞ,â á0ì0Þàâå ß íiãﬀá"ßTî
BÝõ8ú"üú"ö øið2þ ôþ ô
ú"üøiõ8ö"ö"ðVõ8ö ûTô

















üó õøiô.ýó ö"ó ý§ù)ò ôøið2þ ôþùE"ò ô
OP Q"RTSJUWVYXZJ[]\ﬂ^UWZ5_a`$bKcWd2[feg[ hjiT[lk$XZJV/iﬃ_Whmh"_WbKSTV/ZJ[ h


















































































































































































18!2ﬁﬃ- "#&%9&;:<'!ﬃ!=>)")? "ﬂ@A "%<%-&CBD#)4! E)?FG)+#ﬃ-%*/!H)JI #&;ﬁ 0ﬀﬁ





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































»v³ ¾ ¼3Ó Ñ
Ò
¾oÔ'Õ






















































































































































   

   
>¤(¥$¦§*¨#©
z









































































































































































































































































































































































































































































































































































































































































































































































v w x y z|{~}fh}~  w( |ŁhhY 










































































































































































































































































































































































































































































































































































































































































íX®+Ã&ÉÇ)ÈMÉ'°³BÈM®ÀÇ?®&²l­9®+À³S­9Æ±À®ÓÃ&É¯°C±!­9³À¬ûÄ®Ç)®¯"²Ä¬6°Ã&±¯"²±ÄÄ¬è²±É¯ ­9Æ ×Xí Õ'É±À
ÐÆÀ®	ÛÚj²ÉÆ9²®¯¬O°°CÆÀ¬¯"²Æ¯®pûMÉ¯¯®pÄÉ¯ÐÆ®ÆÀ­9®#²À¬¯°Ç)±!°°±É¯ÈMÉÆÀÄ®S°ÈäÉO²É¯°
































































































































































































































































































































áÃXÜÔ2ÆYÁÕÎÁJË+ÁÊ{Å Ì;áâÆYÅ È,ã$ÈÅYÍÇÍÅ2ËqÍ1Î£ËÌfÈ1Ü,ÂÍÅPÜ ÒYÈíÑ>Ã0ÉÆYÅ³ÎÁÛ{Å>Ã0ÂÌfÁJËÌfÍ]\^`_QaaXbc^ﬁæ

































































































































































































































































 1 s t o p




































s t o p
i n p u ti n p u t
















































































t r i g g e r
































































a s t r o n
relacs





























































































































































































































































































































































ÆFÏ¡ÆUÇíÌ'ÄÙÍ	ÎÉ?ÓAé	ÄÐ¡ÄÓÄË,Ê	ÒHÐ¡Ä Õ¹ÉÎÄÖ?Ò,È	É9Ê	Èﬀ7Éﬂﬁ¹ÄÎﬃﬀ¹Á ò¯È	É ÇßÛ@Ê0ÆÆÒﬀﬀ¹Ákó¸âßÎAÛ@È-ÇË,Ä































































































































































































































































þýﬀ+)ü*õ	ýD	óòþ=7E(ñ	ò óòFñ	õ ò<ð5ð3òôýõ	1G3.HIﬂõ>ﬂóJ<=òKﬂK	ñ ï*;>ﬂõﬃ*òLﬂñ ïﬀü*ñﬁþò
















































































































































































































































































































































































Ø Ù¢Ú½ÛÝÜmÞàßáÞàÚ âäã¢Ú åæßèç éêßìëîíÝã¢Ú ïEï ã¹Þ

























































T  ^(V 2ﬃVn3  V] ¡V¢£]1 ?¤
¥ ¦


















































































































































































































































































ÈÊ	ËÌÌ-Í`Ê ðñ!ò!ðððððððððððððððððððððððððððððÓó ðððððððñ!ò!ñ!ò!ðððððððððððððððððððððððððððððÓó ðððð















































































































































































ABCD 12 ABCD 13
ABCD 10 ABCD 11
ABCD 8 ABCD 9
ABCD 7ABCD 6
ABCD 4 ABCD 5
ABCD 3ABCD 2
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Nent = 3263   
Mean  =  210.4
RMS   =  17.18
Chi2 / ndf =  64.5 / 74
  2.55 ±Constant = 116.9 
   0.3 ±Mean     = 210.3 
 0.2178 ±Sigma    = 16.83 
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Nent = 3263   
Mean  =  946.8
RMS   =  89.57
Chi2 / ndf = 59.48 / 71
 2.532 ±Constant =   116 
 1.577 ±Mean     =   947 







































































































































































































































































































































Chi2 / ndf =  1855 / 897
 0.07169 ±p0       = 0.4876 
 0.1421 ±çp1       = -67.85 
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Nent = 579    
Mean  =  253.8
RMS   =  330.2
Coincidence time (in ns) for short double events(758-788)E











































































































































































Nent = 196    
Mean  =  480.9
RMS   =  441.6
Coincidence time for all run excepted 764ü
flag2 = 0ýµþflag1 = 0 and ýµþ
ß 








7 coincNent = 42     
Mean  =  442.3
RMS   =  426.4
Chi2 / ndf = 4.398 / 17
 0.3149 ±Constant = 1.803 





Time coincidence with cuts : 
flag1 = 0µþ
flag2 = 0µþ
coinc < 2000 ns
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Nent = 1563   
Mean  =  586.3
RMS   =  247.9
Energie du premier evenement BiPo 214
CEDFGHJIJKLNMPOQOQDSRIJT2UM










Nent = 1563   
Mean  =  304.7
RMS   =     29
Chi2 / ndf = 123.9 / 75
 1.789 ±Constant = 52.06 
 0.7133 ±Mean     = 306.1 
 0.5726 ±Sigma    = 25.44 






















Chi2 / ndf = 90.18 / 88
 0.03984 ±Constant = 4.252 
 1.399e−07 ±Slope    = −4.343e−06 



































































































































































































































































































































































































Flash PSD (gate time at 32.5 ns)
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Milan PSD : r32 / rtot
αβ
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70 < energy < 600
r < 60 cmt
Flash PSD (gate time 47.5 ns)
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Milan PSD : r48/rtot
αβx
70 < energy < 600


































































































Energy vs. Flash PSD (47.5 ns)
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Nent = 4629   
Mean  = −0.04286
























































































































































































































Nent = 87     
Mean  =  209.7
RMS   =  183.7
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Nent = 87     
Mean  =   1113
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Nent = 17118  
Mean  =  200.5
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Nent = 17118  
Mean  =  46.62
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Nent = 2000   
Mean  =  83.42
RMS   =  5.541
T1
S*TUWVYXLZ\[^]








Nent = 2000   
Mean  = 1.178e+04


















Nent = 2000   
Mean  = 8.38e+06
RMS   = 7.478e+06
T3c
S$d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Nent = 2000   
Mean  =   61.7














Nent = 2000   
Mean  =   3554
RMS   =   3227
T2
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Nent = 2000   
Mean  = 2.803e+06
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VME ACCESS (green light)
BUSY (red light)






















































































































































































































































































































































































































Position in the TRIGGER crate: 6/2 - means 6 module (from left to wright) and
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To FADC Trigger
















































MAIN TRIG FADC TRIG
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